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(54) Optical-element mountings exhibiting reduced deformation of optical elements held thereby 



(57) Optical-element mountings are disclosed for 
holding an optical element relative to an optical column 
of an optical system. The optical element can have 
mounting protrusions extending therefrom or lack such 
features. An exemplary embodiment of a mounting has 
a respective holding device mounted to each mounting 
protrusion. Each holding device has a first spring-loaded 
support member providing rigid support of the element 
in a gravity direction and flexible support in tangentiai, 
radial, and tilt directions. Each holding device also can 
include a second spring-loaded support member provid- 



ing rigid support of the element in tangential directions 
and flexible support in.the gravity and radial directions. 
Another embodiment Includes multiple holding devices 
at respective locations relative to a mounting surface of 
the element. Each holding device includes a respective 
linking unit extending from the optical column to a re- 
spective bonding member attached to a bonding loca- 
tion on the mounting surface. Each bonding member 
has a bonding pad bonded to the respective bonding 
location and at least first and second spring members 
extending from the bonding pad in respective directions 
to the linking unit. 




FIG. 1(A) 
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Description 
Field 

[0001] This disclosure pertains to optical-element 
mountings (devices for holding optical elements, such 
as lenses and mirrors, in an "optical column" of an op- 
tical system). The disclosure more particularly pertains 
to optical-element mountings that restrict deformation of 
the respective optical elements held by them in high- 
precision optical equipment such as lithographic expo- 
sure systems used in microiithography of circuit patterns 
onto the surfaces of semiconductor wafers. 

Background 

[0002] Conventional microlithographic exposure sys- 
tems are summarized below in the context of such sys- 
tems as used for performing exposures using extreme 
ultraviolet ("EUV") light, for example. Certain aspects of 
a conventional system of this type are shown schemat- 
ically in FIG. 13, in which the depicted system includes 
an EUV source 101, an illumination-optical system 103 
that irradiates a beam 100 of EUV light (X= 13.4 nm) 
from the EUV source 101 to a reflective pattern-defining 
reticle 1 02. "Patterned" EUV light (carrying an aerial im- 
age of the pattern portion illuminated by the beam 1 00) 
passes through a projection-optical system 105 that 
projects the aerial image onto the resist-coated surface 
of a wafer 1 04 or other suitable lithographic substrate. 
During this exposure the reticle 102 is held on a reticle 
stage 106, and the substrate 104 is held on a "wafer 
stage" 107, and exposure of the substrate 104 results 
in "transfer" of the pattern, defined on the reticle 102, 
onto the substrate 1 04. 

[0003] The projection-optical system 105 typically 
comprises multiple (e.g., two, four, or six) multilayer- 
coated reflective mirrors (not detailed). As the projec- 
tion-optical system 105 projects the aerial image onto 
the substrate surface, the image is demagnified or "re- 
duced," usually by a factor of 5 (/.e., the projection -op- 
tical system exhibits a "demagnification ratio" of 1/5). 
The projection-optical system 105 typically has an an- 
nular-shaped optical field for exposure, for example 
2-mm wide and 30-mm long as projected onto the wafer 
104. Each of the reflective multilayer-coated mirrors of 
the projection-optical system 105 typically has an as- 
pherical reflective surface. So as to be highly reflective 
to incident EUV radiation of X = 13.4 nm, the reflective 
surface of each mirror has a multilayer-film coating such 
as alternating layers of Mo and Si. During an actual ex- 
posure, the reticle 102 and wafer 104 are scanningly 
moved by their respective stages 1 06, 107 at synchro- 
nous velocities (according to the demagnification ratio). 
For example, under these conditions the wafer 104 is 
scanned at a velocity that is 1/5 the scanning velocity of 
the reticle 102. By performing exposure in a scanning 
manner in this way, it is possible to transfer a large pat- 



tern that extends over an area that is larger than the 
width of the optical field of the projection-optical system 
105. 

[0004] FIG 14 shows in greater detail an exemplary 

5 conventional EUV optical column 110 such as a type 
that would be used in an EUV microiithography system. 
The particular optical column 110 of FIG. 14 comprises 
two reflective mirrors (more generally termed "optical el- 
ements") 111, 112 and their respective mountings 116, 

10 117. The optical column 110 also comprises a column 
main unit 110a and a flange unit 110b that desirably are 
made of a low-thermal-expansion material such as invar 
so as not to be exhibit excessive thermal deformation. 
The mounting 116forthe mirror 111 includes a position- 
's adjustment mechanism 115 (e.g., a piezoelectric motor) 
mounted on the upstream-facing surface of the flange 
unit 110b. The position-adjustment mechanism 115 al- 
lows the position of the mirror 1 1 1 to be adjusted relative 
to the flange unit 1 1 0b during and after assembly of the 

20 optical column 110. The mounting 11 7 for the mirror 112 
is mounted to the downstream -facing surface (lower 
surface in the figure) of the flange unit 110b. Respective 
voids 111a 112a are defined in each of the mirrors 111 , 
112. An EUV beam 100 reflected from the surface of a 

25 reticle (not shown, but situated upstream of the depicted 
optical column 110) propagates to the upper surface of 
the mirror 112 through the void 111a in the mirror 111. 
Light of the EUV beam 1 00 reflected from the upper sur- 
face of the mirror 112 propagates to the lower surface 

30 of the mirror 111, from which the EUV beam 1 00 is re- 
flected downward through the void 112a in the mirror 
1 1 2 to the substrate (not shown but situated on an image 
plane, just downstream of the depicted optical column 
11 0, at which the beam 1 00 converges). 

35 [0005] So as to be reflective to incident EUV radiation , 
the respective surface (which is aspherical) of each mir- 
ror 111 , 112 of the optical column 110 of FIG. 14 has a 
surficial Mo/Si multilayer coating. The depicted optical 
system has a numerical aperture (NA) of 0.3 and exhib- 

40 its a wavefront aberration of no greater than 1 nm 
(RMS). To achieve such demanding performance, the 
respective aspherical surface of each mirror 111 , 112 is 
formed with extremely high accuracy before the multi- 
layer coating is applied. In addition, the multilayer coat- 

45 jngs are applied with extremely high accuracy, and each 
mirror 1 1 1 , 1 1 2 is mounted in the optical column 1 1 0 with 
extremely high accuracy, preferably in a manner allow- 
ing independent adjustment of the mirrors while in the 
optical column. 

so [0006] This adjustable placement of each mirror 111, 
112 in the optical column 110 is achieved by the respec- 
tive mountings 116, 117. It is important that the mount- 
ings 116, 117 be capable of holding the respective mir- 
rors 111 , 112 without causing any deformation of the mir- 

55 rors 111 1 112. It also is important that the mountings 116, 
11 7 be capable of preventing positional shifts of the re- 
spective mirrors 111, 112 while the mirrors are mounted 
in the optical column 110. Unfortunately, conventional 
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mountings for optical elements do not exhibit satisfac- 
tory performance in these regards, especially in optical 
columns intended for extremely demanding use, such 
as in EUV optica! columns for use in EUV microlithog- 
raphy systems. 

Summary 

[0007] The needs summarized above are addressed 
by various aspects of the invention, wherein, inter alia, 
optical-element mountings are provided that prevent de~ 
formational and positional changes of respective optical 
elements held by such devices. In certain embodiments, 
the mountings are capable of actively deforming the re- 
spective optical elements held by the devices so as to 
allow the optical elements to exhibit optimal perform- 
ance. 

[0008] To such end, and according to a first aspect of 
the invention, optical-element mountings are provided 
for holding an optical element relative to an optical col- 
umn of an optical system that includes the optical ele- 
ment. An embodiment of such a mounting comprises 
multiple holding devices arranged at respective loca- 
tions relative to a mounting surface (e.g., a peripheral 
side surface) of the optical element. Each holding device 
comprises a respective linking unit extending from a re- 
spective location on the optical column to a respective 
bonding member attached to a respective bonding lo- 
cation on the mounting surface. Each bonding member 
comprises a bonding pad bonded to the respective 
bonding location on the mounting surface. At least first 
and second spring members extend from the bonding 
pad in respective directions to the linking unit. Desirably, 
at least three holding devices arranged at respective 
equi-anguiar locations relative to the mounting surface. 
[0009] In each holding device the respective first and 
second spring members desirably extend in opposite di- 
rections from the bonding pad, further desirably along a 
line parallel to a tangent line at the bonding location. 
Each spring member desirably comprises a respective 
rigid portion flanked by respective fiat springs. The fiat 
springs and rigid portion serially extend in the respective 
direction from the respective bonding pad to the respec- 
tive linking unit. This configuration prevents buckling of 
the fiat springs under load, and facilitates flexing of the 
fiat springs in the "horizontal" direction, thereby more 
effectively limiting deformation of the optical element. 
[0010] Each bonding member desirably further com- 
prises third and fourth spring members extending from 
the bonding pad in respective directions to the respec- 
tive linking unit. In this configuration the third and fourth 
spring members desirably extend from the bonding pad 
in respective directions, along a line parallel to an axis 
of the optical element, to the respective linking unit. 
Each spring member in this configuration can comprise 
a respective rigid portion flanked by respective flat 
springs, wherein the flat springs and rigid portion serially 
extend in the respective direction from the respective 



bonding pad to the respective linking unit. 
[0011] Further desirably, each bonding pad has a seg- 
mented bonding surface that is bonded to the respective 
bonding location on the mounting surface of the optical 

s element. Providing the bonding pad with a segmented 
bonding surface can be achieved by defining a series of 
intersecting grooves defined in the bonding surface. The 
segmented bonding surface reduces shrinkage of the 
surface during curing of the bonding agent, which re- 

10 duces deformation of the optical element. The bonding 
agent desirably is an epoxy adhesive or the like that 
does not contribute volatiies to a vacuum environment 
after curing. 

[0012] The mounting further can comprise a mounting 

15 member attached to the optical column, wherein the 
holding devices are attached to respective locations on 
the mounting member. Desirably, at least three holding 
devices are arranged at respective equi-angular loca- 
tions on the mounting member relative to the mounting 

20 surface. The mounting member can be coupled to a 
mountingflange of the optical column. For optimal ability 
of the mounting flange to absorb stress, the mounting 
flange desirably has a thickness of no greater than 1/10 
a thickness of the mounting member. A spacer or anal- 

25 ogous component can be interposed between the opti- 
cal column and the mounting flange. 
[0013] With respect to each holding device, the re- 
spective spring members of the bonding member can 
be attached to the respective linking unit such that a gap 

30 is defined between the bonding member and the linking 
unit, thereby providing a configuration in which the 
bonding pad is suspended by the respective spring 
members relative to the linking unit 
[0014] In an optical-element mounting as summa- 

35 rized above the flat springs are deformed easily relative 
to the optical element, especially in a radial direction rel- 
ative to an axis of the optical element. Hence, if the op- 
tical element has experienced thermal expansion, the 
strain is transmitted to and absorbed by the flat springs 

40 and not transmitted to the optical column (from which 
stress can be transmitted back to the optical element). 
Thus, local deformation of the optical element mounted 
in the optical column is prevented. This benefit is espe- 
cially important in preventing non-uniform thermal de- 
45 formation of the optical element, which otherwise can 
cause substantial non-uniform wavefront aberrations 
that are difficult to correct. 

[0015] An optical-element mounting according to an- 
other embodiment is especially suitable for holding an 

so optical element having multiple mounting protrusions 
extending from respective locations on the periphery of 
the optical element. The mounting comprises a respec- 
tive holding device mounted to each mounting protru- 
sion. Each holding device comprises a first respective 

55 spring-loaded support member supporting the optical el- 
ement relative to the optical column. The first spring 
loaded support members are configured to provide rigid 
support of the respective mounting protrusions in a grav- 
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ity direction (a "Z-direction") while providing flexible sup- 
port of the respective mounting protrusions in directions 
tangential to the periphery at the respective location, in 
a radial direction of the optical element atthe respective 
location, and in a tilt direction, relative to the axis, of the 
optical element at the respective location. Each holding 
device also comprises at least a second respective 
spring-loaded support member supporting the respec- 
tive mounting protrusion relative to the optical column. 
Each second spring-loaded support member is config- 
ured to provide rigid support of the respective mounting 
protrusion in directions tangential to the periphery at the 
respective location while providing flexible support of 
the respective mounting protrusion in the gravity direc- 
tion and in the radial direction atthe respective location. 
[0016] By making the first spring-loaded support 
members flexible in directions otherthan the gravitation- 
al direction, the mounting is rendered capable of absorb- 
ing warp that otherwise would occur whenever the op- 
tical element is attached to the mounting (e.g., warp that 
arises from differences in the flatness of a mounting rel- 
ative to the flatness of the respective mounting protru- 
sion held by the mounting. This warp absorption is 
achieved by deformation of the spring-loaded support 
members, which prevents stress from being redirected 
back to the optical element being held in the mounting. 
[0017] Each holding device further can comprise a 
third respective spring-loaded support member support- 
ing the respective mounting protrusion relative to the op- 
tical column. Each third spring-loaded support member 
is configured to provide, in conjunction with the second 
spring-loaded support member, rigid support of the op- 
tical element in directions tangential to the periphery at 
the respective location while providing flexible support 
of the respective mounting protrusion in the gravity di- 
rection and in the radial direction atthe respective loca- 
tion. 

[0018] Each of the first and second spring-loaded 
support members desirably comprises a respective two 
pairs of fiat springs In this configuration each pair of flat 
springs desirably comprises respective first and second 
flat springs serially arranged in a respective longitudinal 
direction in which the respective support member pro- 
vides rigid support for the optical element, while being 
flexibly compliant in the directions in which the respec- 
tive spring-loaded support member provides flexible 
support for the optical element. 

[0019] Each of the respective first and second flat 
springs in each pair thereof further can comprise, in se- 
rial connection, a rigid portion flanked by the respective 
first and second flat springs, in such a configuration, the 
flat springs deform easier as required, which reduces 
deformation of the optical element. 
[0020] With respect to each of the first and second 
spring-loaded support members, each of the first and 
second flat springs in each pair of flat springs can be 
configured as a respective two-dimensional flat spring. 
In this configuration the first and second flat springs in 



each pair desirably are perpendicular to each other in 
respective orthogonal directions that are mutually per- 
pendicular to each other and to the longitudinal direc- 
tion. 

5 [0021] Each of the respective first and second flat 
springs in each pair thereof can comprise, in serial con- 
nection, a rigid portion flanked by the respective first and 
second flat springs. 

[0022] With respect to each of the spring-loaded sup- 
10 port members, the constituent two pairs of flat springs 
desirably have a center that is aligned with the center of 
the respective protrusion. In addition to simple pushing 
and pulling forces that are experienced, external mo- 
ment forces act on the optical element. These external 
15 forces may adversely affect the shape of the optical el- 
ement. By aligning the centers of the flat springs and the 
protrusions, excessive forces are not generated atthe 
protrusions, which minimizes deformation of the optical 
element. 

20 [0023] Desirably, at least three holding devices are ar- 
ranged equi-anguiarly around the periphery of the opti- 
cal element. This configuration provides support for the 
optical element in all horizontal directions. 
[0024] An optical-element mounting of yet another 

25 embodiment comprises a respective holding device 
comprising a respective clamping-support unit mounted 
to each mounting protrusion. Each clamping-support 
unit comprises opposing first and second contact por- 
tions situated and configured to contact respective sur- 

30 faces of the respective mounting protrusion. Each 
clamping-support unit is sufficiently compliant to allow 
tilting of the respective first and second contact portions 
relative to the respective surfaces ofthe respective 
mounting protrusion. In each clamping-support unit, at 

35 least one of the respective first and second contact por- 
tions comprises at least one respective fiat spring sup- 
porting the respective contact portion in the clamping- 
support unit. The respective flat spring provides the 
compliance of the respective clamping-support unit. 

40 [0025] In each clamping-support unit, the respective 
first and second contact portions desirably are config- 
ured to accommodate tilting ofthe optical element rela- 
tive to the optical column. Also, in each clamping-sup- 
port unit, the respective first and second contact por- 

45 tions desirably are configured to accommodate rotation- 
al movement of the optical element about the axis rela- 
tive to the optical column. Further desirably, in each 
clamping-support unit, the respective first and second 
contact portions are configured to accommodate tilting 

so of the optical element relative to the optical column. 
[0026] The mounting further can comprise a tighten- 
able fastener associated with each clamping-support 
unit mounted to a respective mounting protrusion. The 
tightenable fastener is configured for adjustment of a 

55 clamping force with which the clamping-support unit is 
mounted to the respective protrusion. The relative 
clamping force is revealed by a degree of tilt of at least 
one of the respective first and second contact portions. 
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[0027] Each holding device further can comprise a 
first respective spring-loaded support member support- 
ing the optical element relative to the optical column. 
The first spring-loaded support member desirably is 
configured to provide rigid support of the respective 
mounting protrusion in a gravity direction while providing 
flexible support of the respective mounting protrusion in 
directions tangential to the periphery at the respective 
location, in a radial direction of the optical element at 
the respective location, and in a tilt direction, relative to 
the axis, of the optical element at the respective location. 
Each holding device also desirably includes at least a 
second respective spring-loaded support member sup- 
porting the respective mounting protrusion relative to 
the optical column. Each second spring-loaded support 
member is configured to provide rigid support of the re- 
spective mounting protrusion in directions tangential to 
the periphery at the respective location while providing 
flexible support of the respective mounting protrusion in 
the gravity direction and in the radial direction at the re- 
spective location. 

[0028] By clasping the mounting protrusions of the op- 
l cal element using clamping-support members, use of 
bonding agents and the like is avoided. Hence, these 
con'tgurations are useful whenever the optical element 
is tc be used in a vacuum environment. Also, not using 
a bonding agent simplifies replacement of a damaged 
optical element. The tiltability of the clamping-support 
members relative to the mounting protrusions elimi- 
nates trie need to use excessive mounting force applied 
to the optical element, which reduces deformation of the 
optical element. 

[0029] The holding devices summarized above also 
allow measurements of the force with which the mount- 
ing protrusions are being held by respective holding de- 
vices (wherein force is a function of the degree of flex 
of the flexible members). Thus, the holding forces can 
be equalized at all locations on the element. 
[0030] According to another aspect of the invention, 
optical systems are provided. A first embodiment of 
such a system comprises an optical column that com- 
prises a mounting member. The system also includes 
an optical element having a mounting surface, and an 
optical-element mounting serving to mount the optical 
element to the mounting member and thus to the optical 
column. The mounting comprises multiple holding de- 
vices arranged at respective locations relative to the 
mounting surface. Each holding device comprises a re- 
spective linking unit extending from a respective loca- 
tion on the mounting member and a respective bonding 
member attached to a respective bonding location on 
the mounting surface. Each bonding member comprises 
a bonding pad bonded to the respective bonding loca- 
tion on the mounting surface, and at least first and sec- 
ond spring members extending from the bonding pad in 
respective directions to the linking unit. 
[0031] This optical system further can comprise at 
least one shape-adjustment mechanism situated reia- 
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tive to a respective holding device and to the mounting 
member. The shape-adjustment mechanism can com- 
prise an actuator configured, when energized : to move 
the respective holding device relative to the mounting 
member and thus apply a moment to a respective por- 
tion of the optical element supported by the respective 
holding device so as to impose or change a shape error 
of the optical element. Thus, the shape error of the op- 
tical element can be adjusted or compensated, thereby 
facilitating achievement of the desired wavefront aber- 
ration and resolving power exhibited by the optical ele- 
ment. It is also possible with this configuration deliber- 
ately to deform the optical element by applying a respec- 
tive displacement to the spring-loaded support mem- 
bers using the actuator. Such deformation of the optical 
element causes a corresponding change in wavefront 
aberration of the element, allowing the desired wave- 
front aberration to be obtained. 

[0032] The optical system further can comprise at 
least one position-adjustment mechanism situated rel- 
ative to the mounting member and the optical column. 
The position-adjustment mechanism comprises: (a) an 
actuator configured, when energized, to move and thus 
apply a displacement force to a respective location on 
the mounting member relative to the optica! column, and 
thus to a respective location on the optical-element 
mounting; and (b) a drive-limiter mechanism serving to 
reduce a movement distance imparted to the respective 
location on the mounting member relative to a corre- 
sponding movement distance of the actuator. 
[0033] An optical system according to another em- 
bodiment comprises an optical column comprising a 
mounting member. The system also Includes an optical 
element having mounting protrusions extending from re- 
spective locations on the periphery, and an optical-ele- 
ment mounting serving to mount the optical element to 
the mounting member. The mounting comprises a re- 
spective holding device mounted to each mounting pro- 
trusion. Each holding device comprises a respective first 
spring-loaded support member supporting the optical el- 
ement relative to the mounting member. The first spring- 
loaded support member is configured to provide rigid 
support of the respective mounting protrusion in a grav- 
ity direction while providing flexible support of the optical 
element in directions tangential to the periphery at the 
respective locations, in a radial direction of the optical 
element at the respective location, and in a tilt direction, 
relative to the axis, of the optical element at the respec- 
tive location. Each holding device also comprises at 
least a respective second spring-loaded support mem- 
ber supporting the optical element relative to the mount- 
ing member. Each second spring-loaded support mem- 
ber is configured to provide rigid support of the optical 
element in directions tangential to the periphery at the 
respective location while providing flexible support of 
the optical element in the gravity direction and in the ra- 
dial direction at the respective location. Each of the 
spring-loaded support members desirably comprises at 
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least two respective flat springs oriented perpendicular- 
ly to each other. 

[0034] This optical system further can comprise at 
least one shape-adjustment mechanism situated rela- 
tive to a respective holding device and to the mounting 
member. The shape-adjustment mechanism comprises 
an actuator conf igured, when energized, to move the re- 
spective holding device relative to the mounting mem- 
ber and thus apply a moment to a respective portion of 
the optical elementsupported by the respective holding 
device so as to impose or change a shape error of the 
optical element. The shape-adjustment mechanism can 
be configured to apply a displacement, in a direction per- 
pendicular to the gravity direction, to at least one of the 
first spring-loaded support members. 
[0035] This optical system further can comprise at 
least one position-adjustment mechanism situated rel- 
ative to the mounting member and the optical column, 
the position-adjustment mechanism comprises: (a) an 
actuator configured, when energized, to move and thus 
apply a displacement force to a respective location on 
the mounting member relative to the optical column, and 
thus to a respective location on the optical-element 
mounting; and (b) a drive-limiter mechanism serving to 
reduce a movement distance imparted to the respective 
location on the mounting member relative to a corre- 
sponding movement distance of the actuator. 
[0036] Another embodiment of an optical system 
comprises an optical column comprising a mounting 
member, an optical element having multiple discrete 
mounting protrusions extending from respective loca- 
tions on the periphery, and an optical-element mounting 
serving to mount the optical element to the mounting 
member and thus to the optical column. The mounting 
comprises, for each of multiple mounting protrusions, a 
respective holding device comprising a respective 
clamping-support unit mounted to each mounting pro- 
trusion. Each clamping-support unit comprises oppos- 
ing first and second contact portions situated and con- 
figured to contact respective surfaces of the respective 
mounting protrusion. Each clamping-support unit is suf- 
ficiently compliant to allow tilting of the contact portions 
relative to the respective surfaces of the respective 
mounting protrusion. 

[0037] This embodiment of an optical system further 
can comprise at least one shape-adjustment mecha- 
nism situated relative to a respective holding device and 
to the mounting member. The shape-adjustment mech- 
anism comprises an actuator configured, when ener- 
gized to move the respective holding device relative to 
the mounting member and thus apply a moment to a 
respective portion of the optical element supported by 
the respective holding device so as to impose or change 
a shape error of the optical element. 
[0038] Each holding device further can comprise at 
least one respective first spring-loaded support member 
supporting the optical element relative to the mounting 
member. Each such spring-loaded support member is 



configured to provide rigid support of the respective 
mounting protrusion in a gravity direction while providing 
flexible support, relative to the mounting member, of the 
respective mounting protrusion in directions tangential 

5 to the periphery at the respective locations, in a radial 
direction of the optical element at the respective loca- 
tion, and in a tilt direction, relative to the axis, of the op- 
tical element at the respective location. Each holding de- 
vice further can comprise at least a respective second 

10 spring-loaded support member supporting the respec- 
tive mounting protrusion relative to the mounting mem- 
ber, wherein each such second spring-loaded support 
member is configured to provide rigid support, relative 
to the mounting member, of the respective mounting 

15 protrusion optical element in directions tangential to the 
periphery at the respective location while providing flex- 
ible support of the respective mounting protrusion in the 
gravity direction and in the radial direction at the respec- 
tive location. 

20 [0039] The optical system further can comprise at 
least one shape-adjustment mechanism situated rela- 
tive to a respective holding device and to the mounting * 
member. The shape-adjustment mechanism can be 
configured as summarized above. The shape-adjust- 

25 ment mechanism can be configured to apply a displace- 
ment, in a direction perpendicular to the gravity direc- 
tion, to at least one of the first spring-loaded support 
members. As noted above, each of the spring-loaded 
support members desirably comprises at least two re- 

30 spective flat springs oriented perpendicularly to each 
other. 

[0040] The optical system further can comprise at 
least one position-adjustment mechanism situated rel- 
ative to the mounting member and the optical column. 

35 The position-adjustment mechanism comprises: (a) an 
actuator configured, when energized, to move and thus 
apply a displacement force to a respective location on 
the mounting member relative to the optical column, and 
thus to a respective location on the optical-element 

40 mounting; and (b) a drive-limiter mechanism serving to 
reduce a movement distance imparted to the respective 
location on the mounting member relative to a corre- 
sponding movement distance of the actuator. 
[0041] Yet another embodiment of an optical system 

45 comprises an optical column comprising a mounting 
member, an optical element, an optical-element mount- 
ing serving to mount the optical element to the mounting 
member and thus to the optical column, and at least one 
shape-adjustment mechanism situated relative to the 

50 optical-element mounting and to the mounting member. 
The shape-adjustment mechanism comprises an actu- 
ator configured, when energized, to apply a moment to 
a portion of the optical element supported by the mount- 
ing so as to impose or change a shape error of the op- 

55 tical element. If the optical element defines multiple 
mounting protrusions, then the optical-element mount- 
ing can comprise, for each mounting protrusion of the 
optical element, at least one respective spring-loaded 
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support member situated and configured to hold and 
support the respective mounting protrusion relative to 
the mounting member rigidly in a gravity direction and 
flexibly in a horizontal direction perpendicular to the 
gravity direction. In this embodiment the shape-adjust- 
ment mechanism desirably comprises an actuator situ- 
ated and configured to apply, when energized, a dis- 
placement in the horizontal direction to at least one 
spring-loaded support member. 

[0042] Yet another embodiment of an optical system 
comprises an optical column comprising a mounting 
member, an optical element, an optical-element mount- 
ing serving to mount the optical element to the mounting 
member and thus to the optical column, and at least one 
position-adjustment mechanism situated relative to the 
mounting member and thus to the optical column. The 
position-adjustment mechanism comprises: (a) an ac- 
tuator configured, when energized, to move and thus 
apply a displacement force to a respective location on 
the mounting member relative to the optical column, and 
thus to a respective location on the optical-element 
mounting, and (b) a drive-limiter mechanism serving to 
reduce a movement distance imparted to the respective 
location on the mounting member relative to a corre- 
sponding movement distance of the actuator. 
[0043] The drive-limiter mechanism desirably com- 
prises a lever connecting the actuator to the respective 
location on the mounting. The lever desirably has a ful- 
crum connected to the optical column by a flat spring. 
This embodiment provides the position-adjustment 
mechanism with substantially zero backlash as a result 
of using the flat-spring fulcrum. Such a fulcrum also al- 
lows fine adjustments to be performed easily by com- 
pressing the flat spring. This configuration also is highly 
stable after performing position adjustment. The lever 
secures a fixed status by fixing the vicinity of the point 
where force is applied. As a result, even if positional mis- 
alignment has occurred during position-fixing, the mis- 
alignment itself is reduced. Since the fixing force of the 
lever is inversely proportional to compression, it is pos- 
sible to ensure sufficient fixing force with an appropriate 
lever force. 

[0044] The position-adjustment mechanism desirably 
comprises a mechanism that adjusts one or more of an 
X-position, a Y-position, a Z-position, a exposition, a 0 y - 
position, and a exposition of the mounting member, and 
thus the optical element, relative to the optical column. 
For example, the position-adjustment mechanism can 
comprise X-, Y-, G z -adjustment mechanisms for adjust- 
ing the X-, Ys and ez-position, respectively, of the 
mounting member, and thus the optical element, relative 
to the optical column. By way of another example, the 
position-adjustment mechanism can comprise Z-, 0 X -, 
e y -adjustment mechanisms for adjusting the Z-, G x - ( and 
exposition, respectively, of the mounting member, and 
thus the optical element, relative to the optical column. 
By way of another example, both these mechanisms 
can be provided, in which instance the X-, Y-, e z -adjust- 



ment mechanisms and the Z-, e x -, e y -adjustment mech- 
anisms can be arranged in parallel. 
[0045] Further by way of example, each of the Z-, e x -, 
e y - adjustment mechanisms can comprise a respective 

5 spring-loaded support member that supports the mount- 
ing member, and thus the optical element, in a Z-direc- 
tion relative to the optical column. Each such spring- 
loaded support member desirably supports the mount- 
ing member rigidly in a gravity direction and flexibly in a 

10 horizontal direction perpendicular to the gravity direc- 
tion. Furthermore, each spring-loaded support member 
can comprise a respective two dimensional fiat spring 
comprising a pair of fiat springs oriented perpendicularly 
to each other. 

15 [0046] The optical system further can comprise a po- 
sition-fixing mechanism situated relative to the mount- 
ing member and the optical column and configured to 
fix the position of the mounting member, and thus the 
optical element, relative to the optical column. The po- 

20 sition-f ixing mechanism can comprise at least three fix- 
ing members each comprising multiple respective flat 
springs collectively exhibiting a degree of freedom of 
motion in a respective direction, wherein the respective 
degree of freedom of motion of each position-fixing 

25 mechanism is different one from the other. 

[0047] According to another aspect of the invention, 
microlithographic-exposure systems are provided for 
selectively irradiating an energy beam to a sensitive 
substrate to imprint a pattern on the substrate. The mi- 

30 crolithographic-exposure system comprises an optical 
system as summarized above. The microlithographic- 
exposure system can use EUV light as the energy 
beam, but the systems are not so limited. The energy 
beam alternatively can be a beam of ultraviolet light, an 

35 electron beam, an ion beam, etc. Furthermore, the ex- 
posure system may be a reduction-projection exposure 
or proximity lithography system. 

[0048] The foregoing and additional features and ad- 
vantages of the invention will be more readily apparent 
40 from the following detailed description, which proceeds 
with reference to the accompanying drawings. 

Brief Description of the Drawings 

45 [0049] 

FIG. 1 (A) is a plan view of a first representative em- 
bodiment of an optical-element mounting for hold- 
ing an optical element (e.g., a mirror) in an optical 

so column of an optical system. 

FIG. 1 (B) is an enlargement showing detail of a 
bonding pad and of the manner in which the bond- 
ing pad is attached to the optical element. 
FIG. 2(A) is an elevational section showing an op- 

55 tical element mounted to a mounting member using 
the embodiment of an optical element mounting 
shown in FIG. 1 (A), wherein the mounting member 
is attached to an annular member of the optical col- 
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umn using a flange. 

FIG. 2(B) is a plan view of the assembly shown in 
FIG. 2(A). 

FIG. 3 is an elevational section of a portion of an 
optical column of an EUV lithography system, 
showing an optical element (mirror) mounted to a 
mounting member of the optical column using an 
optical-element mounting according to a second 
representative embodiment. 
FIG. 4 is a plan view (and partial section) of an op- 
tical-element mounting according to the second 
representative embodiment. 
FIG. 5 is an elevational view of the optical-element 
mounting of the second representative embodi- 
ment. 

FIG. 6(A) is a section along the line X-X in FIG. 5. 
FIGS. 6(B) and 6(C) are respective elevational dia- 
grams schematically depicting (in a greatly exag- 
gerated manner in FIG. 6(C)) the outer clamping 
support member in a relaxed state and after adjust- 
ment to effect clamping action, respectively. 
FIG. 7 is a section along the line Y-Y in FIG. 5. 
FIG. 8 is a section along the line Z-Z in FIG. 7. 
FIGS. 9(A)-9(D) depict details of the spring-loaded 
support member (having characteristics of a two- 
dimensional fiat spring) of the mounting shown in 
FIGS. 3 and 4, wherein FIG. 9(A) is a "front" eleva- 
tional view, FIG. 9(B) is a side elevational view, FIG. 
9(C) is a "top" view, and FIG. 9(D) is a "bottom" view. 
FIG. 1 0(A) is a plan view depicting a representative 
embodiment of "horizontal" position-adjustment 
mechanisms (including details of the lever actions 
of the mechanisms) connected to a mounting mem- 
ber holding an optical element, the depicted posi- 
tion-adjustment mechanisms being configured to 
impart X, Y, and e z positional adjustments of the op- 
tical element relative to the optical column. 
FIG. 1 0(B) is an elevational view of a representative 
embodiment of a "vertical" position-adjustment 
mechanism (including details of the lever action of 
the mechanism) that (along with at least two other 
such mechanisms) are connected to a mounting 
member holding an optical element, the vertical po- 
sition-adjustment mechanisms being configured to 
impart Z, 8^, and G y positional adjustments of the 
optical element relative to the optical column. 
FIGS. 11(A) and 11(B) are respective orthogonal 
schematic elevational views showing certain fea- 
tures and action of a representative embodiment of 
a two-dimensional actuator situated between a 
spring-loaded support member and a mounting 
member, the actuator being configured to impart, 
when energized, a shape adjustment to the optical 
element being held by a mounting attached to the 
support member. 

FIG. 12(A) is a schematic plan view of a represent- 
ative embodiment of a position-fixing mechanism 
for fixing the position of a mounting member (to 



which an optical element is mounted) relative to an 
annular member of the optical column. 
FIG. 12(B) is a schematic elevational view of the 
mechanism of FIG. 12(A). 
5 FIG. 13 Is a block diagram of a conventional EUV 

lithography system that comprises an EUV optical 
column. 

FIG. 14 is an elevational section of a two-element 
optical column of a conventional EUV lithography 
10 system. 

Detailed Description 

[0050] Various aspects of the invention are described 
15 below in the context of multiple representative embodi- 
ments that are not intended to be limiting in any way. it 
will be understood herein that denotations of "top," "bot- 
tom," "left," "right," "vertical," and "horizontal" are for 
convenience in referring to the depictions in the figures, 
20 and are not intended to impose any positional or orien- 
tational limitations, unless otherwise noted. 

First representative embodiment 

25 [0051] An optical element mounting according to this 
representive embodiment is depicted in FIGS. 1 (A)-1 
(B) and 2(A)-2(B), in which the depicted optical element 
is, by way of example, a plate-shaped mirror 1 . The mir- 
ror 1 is shown as it would be mounted within an optical 

30 column (not shown) of an optical system. Referring to 
FIGS. 1 (A) and 2(B), the mirror 1 is mounted to the op- 
tical column by an optical-element mounting 8 compris- 
ing three holding devices 10 arranged equi-angularly 
(1 20° intervals) relative to each other around the circum- 

35 ference of the mirror 1 . The mounting 8 serves to hold 
and support the mirror 1 to a mounting member 3 (hav- 
ing a cylindrical configuration in this embodiment), 
which in turn is attached to a flange 5 (having an annular 
configuration in this embodiment) of an optical column, 

40 discussed later below (FIG. 2(A)). 

[0052] Details of the mounting 8 are shown in FIGS. 
1(A)-1(B). Each holding device 10 of the mounting 8 
comprises a linking unit 18 attached, in this embodi- 
ment, to a respective location on an axial-end surface 

45 3e of the mounting member 3 (FIG. 2(B)). The linking 
unit 1 8 defines a gap G spanned by a bonding member 
15. The bonding member 15 comprises a centrally lo- 
cated bonding pad 16 flanked by spring members 11. 
Each spring member 1 1 comprises a relatively thick, rig- 

so id portion 13 flanked by relatively thin flat springs 12. 
The spring members 11 extend in opposite directions 
from the bonding pad 1 6 (e.g... in respective directions 
parallel to a tangent line T and in respective directions 
parallel to the axis A of the mirror). Each bonding pad 

55 16 faces the mirror 1 and is bonded to a respective bond- 
ing location on a "mounting surface" exemplified by the 
circumferential side surface 1 e of the mirror 1 . 
[0053] The surface of the bonding pad 16 facing the 
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optical element 1 defines multiple, intersecting grid-like 
grooves 1 4 (FIG. 1 (B)) that effectively dividethe surface 
of the bonding pad 1 6 into multiple segments. (Note that 
grooves 1 4 in this embodiment extend not only in the Y- 
direction but also In the Z-direction In the figure.) This 
divided surface of the bonding pad 16 is bonded to the 
respective bonding location on the circumferential side 
surface 1 e of the mirror 1 using a suitable bonding agent 
(adhesive) 17. (In FIGS. 1 and 2(A), the depicted thick- 
ness of the bonding agent 1 7 is exaggerated for clarity.) 
By bonding the mounting surface of the mirror to a di- 
vided surface (rather than to a non-divided surface) of 
the bonding pad 1 6 in this manner, stress to the bonding 
pad 1 6 during curing of the bonding agent 1 7 is reduced, 
resulting in less deformation of the mirror 1 being trans- 
mitted to the mirror from the bonding member 15. The 
bonding agent 1 7 desirably is a material that exhibits no 
adverse effect on the optical performance of the mirror 
1 or of neighboring components of the optical column. 
For example, the bonding agent 17 can be a suitable 
epoxy adhesive. The bonding agent 17 also desirably 
exhibits little to no outgassing when used in a vacuum 
environment. 

[0054] As noted above, the spring members 11 flank 
the bonding pad 16 in each linking unit 18. In this em- 
bodiment, flanking spring members 11 have width and 
can limit mirror movement in the Z-direction. As noted 
above, each spring member 1 1 comprises a rigid portion 
13 flanked by flat springs 12. Thus, extending from the 
bonding pad 1 6 in each applicable direction to the linking 
unit 18 are a first fiat spring 12, a rigid portion 13, and a 
second fiat spring 12 serially connected together. The 
length of each rigid portion 13 desirably is at least twice 
the lotai lengths of the two flat springs 12 that flank it. 
The longer and thinner the flat springs 1 2, the less rigid 
the respective spring member 1 1 . However, if the flat 
springs 12 are too thin, an excessive risk is posed of 
their exhibiting plastic deformation during processing 
and assembly. Consequently, the spring members 11 
are configured to have minimum rigidity while exhibiting 
acceptably low plastic deformation. Also, the flat springs 

12 are configured sufficiently short so as to exhibit min- 
imal buckling. 

[0055] Under actual-use conditions, the dimensions 
of the components of the holding devices 1 0 are estab- 
lished by taking into account the mass, rigidity, and 
shape of the mirror 1 , as well as the required shape ac- 
curacy of the mirror 1 . By way of example, each flat 
spring 1 2 can have a thickness in the range of 0.1 to 1 
mm and a length in the range of 1 mm to 10 mm. As 
noted above, each rigid portion 13 desirably has a length 
of twice the total lengths of the two flanking flat springs 
12. For example, if the mirror 1 has a diameter of 200 
mm and an axial length ("thickness") of 30 mm, then 
each flat spring 12 can have a thickness of 0.5 mm and 
a length of approximately 3 mm, and each rigid portion 

13 can have a length of 15 mm. Data obtained from ac- 
tual use of optical elements and associated mountings 



configured according to these dimensions revealed that 
the mirror 1 exhibited a deformation limited to 1 nm or 
less. 

[0056] Referring now to FIGS. 2(A)-2(B), the mount- 
5 ing member 3 is interposed between the mirror 1 and 
an annular member 2 of the optical column. In this em- 
bodiment, the respective linking units 18 of the holding 
devices 10 are secured to the "lower" axial-end surface 
3e of the mounting member 3. The mounting member 3 
10 and the annular member 2 are connected together by 
the flange 5. The flange 5 comprises a first portion 5a 
that is affixed (by screws or analogous fasteners, not 
shown) circumferentially to the outer surface of the 
mounting member 3 and a second portion 5b that ex- 
15 tends radially outward from the first portion 5a and is 
affixed (by screws or analogous fasteners, not shown) 
to the axial-end surface of the annular member 2. 
[0057] The "thickness" of the flange 5 (e.g., radial 
thickness of the first portion 5a) desirably is 1/1 0 or less 
20 the "thickness" (in the radial direction) of the mounting 
member 3. As shown in FIG. 2(B), the second portion 
5b of the flange 5 desirably defines slits 5c extending 
radially inwardly. By mounting the mounting member 3 
to the annular member 2 using such a flange 5, stress 
25 in the mounting member 3 is largely directed toward the 
flange 5, which (compared to the members 2, 3) is rel- 
atively thin and has relatively low rigidity. As a result, 
corresponding strain in the mounting member 3 is sub- 
stantially reduced, which correspondingly reduces 
so transmission of stress from the member 3 to the mirror 
1 , compared to conventional optical columns. It is noted 
that the slits 5c are not required, but they are desirable 
in view of their effectiveness in reducing the rigidity of 
the flange 5, thereby rendering the flange 5 more effec- 
ts tive in absorbing stress from the mounting member 3. 
In other words, stress in the mounting member 3 is di- 
rected preferentially (i.e., "biased") toward the flange 5 
rather than toward the mirror 1 . 

[0058] FIGS. 2(A) and 2(B) also depict a spacer 7 (e. 

40 g. t a washer or the like) situated between the second 
portion 5b of the flange 5 and the axial-end surface of 
the annular member 2. The spacer 7 physically sepa- 
rates the flange 5 from the annular member 2. This sep- 
aration, in turn, reduces deformation of the second por- 

45 tion5b of the flange 5 during attachment of the flange 5 
to the annular member 2. 

[0059] In this embodiment of a holding device 1 0, the 
mirror 1 is suspendably mounted, at points of contact of 
the bonding agent 1 7 with respective bonding locations 

so on the mirror, via the spring members 1 1 to the mounting 
member 3 (and thus to the annular member 2 of the op- 
tical column). If the mirror 1 acquires any stress that or- 
dinarily would be directed to the optical column (or if the 
optical column acquires any stress that ordinarily would 

55 be directed to the mirror 1 ), the stress is absorbed pref- 
erentially by the spring members 11 , which exhibit strain 
as required to absorb the stress. This strain of the spring 
members 11 is especially effective in absorbing stress 
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in the radial direction to or from the mirror 1 . Meanwhile, 
the mirror 1 is adequately supported in all three axes (X, 
Y, Z) even in situations in which the mirror 1 is exhibiting 
thermal expansion or the like. 

Second Representative Embodiment 

[0060] With respect to this embodiment, reference is 
made first to FIGS. 3 and 4, which show an optical ele- 
ment 201 (e.g., a mirror) that includes multiple mounting 
protrusions 201 A. The mounting protrusions 201 A in 
this embodiment are formed as integral portions of the 
mirror 201 at three respective locations situated equi- 
angularly relative to each other around the periphery of 
the optical element 201 . The mounting protrusions 201 A 
are held by respective holding devices of an optical-el- 
ement mounting according to this embodiment, as de- 
scribed in detail below. 

[0061] Thus, an optical-element mounting according 
to this embodiment comprises multiple holding devices 
20, which are described below with reference to FIGS. 
5-8. Turning first to FIG. 6(A), a "vertical" (extending in 
the Z-direction) clamping-support unit 21 receives a re- 
spective mounting protrusion 201 A of the optical ele- 
ment 201 . The clamping-support unit 21 includes a first 
contact portion 22 configured for contacting the "upper" 
surface of the mounting protrusion 201 A and a second 
contact portion 23 configured for contacting both the 
"outer" surface and the "lower" surface of the mounting 
protrusion 201 A In the depicted embodiment the first 
and second contact portions 22, 23 are connected to- 
gether by a screw S (FIG. 5) or analogous fastener. Al- 
ternatively, the contact portions 22, 23 can be integral, 
which would eliminate the screws S1 . 
[0062] Turning now to FIG. 8, the first contact portion 
22 comprises a center region 25 that is configured for 
contacting the "upper" surface of the mounting protru- 
sion 201 A. The center region 25 is flanked by respective 
end regions 27. The center region 25 and end regions 
27 are connected together by respective flat springs 28. 
The flat springs 28 can be formed by wire-cutting, for 
example, and facilitate "vertical" displacement of the 
center region 25 relative to the end regions 27. 
[0063] Returning to FIG. 6(A) and referring also to 
FIG. 7, the second contact member 23 has an approxi- 
mately L-shaped cross section in the "vertical" direction. 
The second contact member 23 includes a side 31 sit- 
uated at and contacting the "outer" surface of the mount- 
ing protrusion 201 A and a "lower 11 end 33 situated at 
and contacting the "lower 11 surface of the mounting pro- 
trusion 201 A. The side 31 defines a recess 31a in its 
"inner 11 wall, into which recess the distal end of the 
mounting protrusion 201 A is inserted. The lower end 
33 defines a protrusion 33a (FIGS. 6(A) and 8) on its 
"upper" surface. The protrusion 33a is intended to con- 
tactthe "lower" surface of the mounting protrusion 201 A. 
[0064] Further with respect to FIGS. 6(A) and 8, an 
upper shaft 36 and a lower shaft 37, each having thread- 



ed termini, pass through the center region 25 of the first 
contact portion 22 and the lower end 33 of the second 
contact portion 23. The upper and lower shafts 36,37, 
discussed later below are parallel to each other and to 

5 the "upper" and "lower" surfaces of the mounting protru- 
sion 201 A. In FIG. 8, on the "left" side of the mounting 
protrusion 201 A is a spring-loaded block 41 situated be- 
tween the end region 27 and the lower end 33. The 
spring-loaded block 41 is coupled to the side 31 of the 

10 second contact member 23 using a screw S2 (FIG. 5) 
or analogous fastener. The spring-loaded block 41 com- 
prises a main unit 42 and a contact unit 43 having a con- 
tact surface 43a intended to contact the "side" surface 
of the mounting protrusion 201 A. The "left" ends of the 

15 upper and lower shafts 36, 37, respectively, are thread- 
ed into the main unit 42, "above" and "below" the contact 
unit 43. 

[0065] The main unit 42 defines flat springs 45 that 
are situated and configured for accommodating "hori- 

20 zontai" motion of the optical element 201 . As can be un- 
derstood from FIG. 7, the flat springs 45 are defined as 
residual material of the main unit left after forming 
grooves that extend toward each other. Desirably, two 
tandem flat springs 45 are formed. The flat springs 45 

25 allow tilting of the main unit 42 in the direction of arrow 
a in FIG. 7. 

[0066] Returning to FIG. 8, the contact unit 43 is cou- 
pled by integral flat springs 47 to the main unit 42. The 
flat springs 47 are oriented to allow the contact unit 43 

30 to tilt in the "vertical" direction (in the direction of the ar- 
row p) relative to the main unit 42. The flat springs 47 
can be formed by appropriately cutting the main unit 42 
by, e.g., wire cutting. The contact surface 43a extends 
slightly farther to the right in FIG. 8 than the "right" side 

35 surface of the main unit 42 and thus contacts the "right" 
side surface of the mounting protrusion 201 A. As a re- 
sult of the compliance of the flat springs 47, the contact 
surface 43a is tillable over the range p. 
[0067] Further with respect to FIG. 8, the "right" side 

40 of the mounting protrusion 201 A contacts a contact 
member 51 that, with a flexible plate 53, are situated 
between the end portion 27 of the first contact portion 
22 and the lower end 33 of the second contact portion 
23. The upper and lower shafts 36, 37, respectively, ex- 

45 tend through respective portions of the contact member 
51 . The contact member 51 defines a protrusion 51 a in- 
tended to extend toward and contact the "right" side sur- 
face of the mounting protrusion 201 A. On an opposite 
surface, the contact member 51 defines a protrusion 

so 51b extending toward and contacting the surface of the 
flexible plate 53. The contact member 51 is coupled to 
the second contact portion 23 by a screw S3 (FIG. 5) or 
analogous fastener. 

[0068] In FIG. 8 the flexible plate 53 is situated to the 
55 "right? of the contact member 51 . The upper and lower 
shafts 36, 37 extend through the flexible plate 53 to allow 
respective nuts 56, 57 to be threaded onto them. The 
flexible plate 53 flexes in response to a force applied 



10 



19 



EP 1 376 183 A2 



20 



thereto by the nuts 56, 57. The resulting force exerted 
by flexing of the plate 53 is transmitted to the protrusion 
51b. The shafts 36, 37 pass through respective "clear- 
ance" holes extending through the center region 25 of 
the first contact member 22, the lower end portion 33 of 
the second contact member 23, and the contact mem- 
ber 51 . 

[0069] Turning again to FIG. 5, two windows 39 are 
defined in the right-hand side 31 of the clamping-support 
unit 21. The contact member 51 and the flexible plate 
53, as well as the shafts 36, 37 extending therebetween, 
are visible through the respective windows 39. By meas- 
uring dimensions between the contact member 51 and 
the flexible plate 53 through the windows 39 using a mi- 
croscope or the like, the magnitude of flex of the flexible 
plate 53 as a function of respective forces applied by the 
nuts 56, 57 can be determined. Using such data, the 
respective clamping forces applied to the mounting pro- 
trusion 201 A by the spring-loaded block 41 and by the 
contact member 51, as functions of the magnitude of 
flex exhibited by the flexible plate 53, can be adjusted 
as required. 

[0070] The hole denoted T" in FIG. 5 is a tapped hole 
used for joining together the side 31 and a holding mem- 
ber 202 as shown in FIG. 4. The holding member 202 
is discussed later below. 

[0071] As readily understood from FIG. 6(A), a* - 
shaped outer clamping-support member 61 is situated 
outboard of the clamping-support member 21 .The outer 
clamping-support member 61 comprises an "upper" end 
62 that defines a protrusion 62a for contacting the "up- 
per" surface of the center region 25 of the first contact 
portion 22. The outer clamping-support member 61 also 
comprises a "lower 11 end 63 situated within a recess 34 
defined in the lower end 33 of the second contact mem- 
ber 23. The outer clamping-support member 61 also in- 
cludes a middle region 64 connecting together the upper 
end 62 and lower end 63. 

[0072] Turning again to FIG. 8, a middle through-hole 
63a and two flanking through-holes 63b are defined in 
the lower end 63 of the outer clamping-support member 
61 . A positioning pin 35 is secured to the lower end 33 
in a hole that is concentric with the middle through-hole 
63a. The distal end of the positioning pin 35 extends 
"downward" through the middle through-hole 63a. The 
lower end 33 also includes two screw holes 33b situated 
on a bolt circle that is approximately concentric with the 
circle on which the two flanking through-holes 63b of the 
outer clamping-support member 61 are located. Re- 
spective screws 32 are threaded into the screw holes 
33b. 

[0073] The screws 32 can be moved turned within 
their respective screw holes 33b by inserting a tool into 
the respective through-holes 63b. Whenever a screw 32 
is turned so as to move "downward," the "lower" end of 
the screw strikes the "upper" surface of the lower end 
63 of the outer clamping-support member 61 , which re- 
sults in the lower end 63 being urged downward. The 



resu Iting downward force is transmitted to the upper end 

62 of the outer clamping-support member 61 , which ap- 
plies a corresponding "downward" force to the mounting 
protrusion 201 A by the protrusion 62a contacting the 

5 center region 25 of the first contact portion 22. That is, 
whenever the screws 32 are turned to effect "lowering," 
the force applied to the mounting protrusion 201 A be- 
tween the first contact portion 22 and the second contact 
portion 23 is increased. Conversely, whenever the 

10 screws 32 are turned to effect "raising," the "lower" ends 
of the screws 32 separate from the "upper" surface of 
the lower end 63. As a result, the force with which the 
mounting protrusion 201 A is held between the first con- 
tact portion 22 and the second contact portion 23 is re- 

15 duced. 

[0074] Adjustment of the force applied to the mount- 
ing protrusion 201 A by the outer clamping-support 
member 61 accompanying "raising" and "lowering" of 
the screws 32 is further explained with reference to 
20 FIGS. 6(B)-6(C). In FIG. 6(B), until the "lower" end of 
the screw 32 strikes the "upper" surface of the lower end 

63 of the outer clamping-support member 61 , the outer 
clamping support member 61 maintains a normal + - 
shape. As the screws 32 are "lowered" further, they push 

25 the lower end 63 downward, as shown in FIG. 6(C), 
which causes the middle region 64 to flex, resulting in 
deformation of the outer clamping-support member 61 . 
The magnitude of this deformation is indicated by 8 and 
is adjustable by appropriately turning the screws 32. 
30 [0075] Conventionally, clamping-support units as de- 
scribed above are not used for mounting optical ele- 
ments; rather, mounting protrusion of optical elements 
are held directly using a non-compliant screw urged 
against the mounting protrusion, wherein the force ap- 
35 plied to the mounting protrusion is roughly a function of 
the torque applied to the screw. With such a scheme, 
even if the torque is equal from one screw to the next in 
the holding device to which the optical element is mount- 
ed, the forces actually applied to the mounting protru- 
40 sions are not uniform, which makes it difficult to equalize 
the forces applied to the optical element. As a result, in 
a conventional optical column, optical elements being 
held by unequal mounting forces exhibit non-uniform 
deformation and other strains. In contrast, holding de- 
45 vices 20 as described above allows the forces actually 
applied against the mounting protrusions of the optical 
element to be controlled and adjusted easily in a manner 
allowing a visual indication of the force. This allows a 
desired mounting force to be obtained reliably. I.e., the 
so holding device 20 allows the optical element to be 
mounted while avoiding, to an extent greater than here- 
tofore possible, deformation of the optical element. 
[0076] Thus, as an optical element 201 is held by the 
holding device 20, each mounting protrusion 201 A of the 
55 element is clamped along each of four directions: "top," 
"bottom," "left," and "right." Also, as a result of the com- 
pliance of the fiat springs 45 and 47 of the spring-loaded 
block 41 and of the flat spring 28 of the first contact mem- 
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ber22 s each mounting protrusion 201 A is flexibly and 
securely clamped along the left, right, top, and bottom 
directions. This manner of clamping not only restricts lo- 
cal deformation of the mounting protrusions 201 A, but 
also Increases the frlctional force with which actual con- 
tact with the mounting protrusions 201 A is made, which 
limits positional misalignments of the mounting protru- 
sions 201 A. The holding device 20 also provides a 
strong element-holding force as required for proper sup- 
port of the optical element 201 . 

[0077] The respective compliances of the fiat springs 
28, 45, 47 maintain deformations of the optical element 
201 within an acceptably small range without exerting 
undue mounting force on the mounting protrusions 
201 A This result can be enhanced with the features 
shown in FIGS. 3-4, which depict the region in the vicin- 
ity of one mounting protrusion 201 A of the optical ele- 
ment 201. In FIG. 3, a spring-loaded support member 
70 is situated "below" the holding device 20. Also, as 
shown in FIG. 4, respective spring-loaded support mem- 
bers 70* also are situated to the "left" and "right" of the 
holding device 20. 

[0078] Referring to FIGS. 9(A)-9(B), each spring- 
loaded support member 70 comprises a two-dimension- 
al flat-spring configuration comprising two pairs of fiat 
springs that are oriented perpendicularly relative to each 
other within each support member 70. Each spring-load- 
ed support member 70 also comprises a center-block 
portion 71 configured as a solid-rectangular parallelepi- 
ped. Extending leftward and rightward (the block length- 
wise directions) from the "top" and "bottom ,, of the cent- 
er-block portion 71 are "upper" and "lower" projections 
72, 73. The fiat springs in the support member 70 are 
defined by respective sets of cuts 75, 75' and 76-76* in 
the center-block portion 71 . (The cuts can be formed by, 
e.g., wire-cutting.) The cuts 75, 75' and 76, 76' are sym- 
metrical relative to respective center lines C1 (FIG. 9(A)) 
and C2 (see FIG. 9(B)) of the center-block portion 71 . 
By way of example, each cut 75, 75" and 76, 76' has a 
width of approximately 0.3 mm. Note that the cuts 75, 
75' are mutually symmetrical, and the cuts 76, 76' are 
mutually symmetrical. 

[0079] By way of example, the cut 75 has segments 
75a-75d that are made in the order 75a, 75b, 75c, 75d 
(FIG. 9(A)). The first cut segment 75a starts just below 
the upper projection 72 and extends from the side of the 
center-block portion 71 , parallel to the projection 72, to 
nearly to the center-line C1. The second cut segment 
75b extends "downward" 90° , from the first cut segment 
75a, parallel to the center-line C1 . The third cut segment 
75c has a * -shaped profile and extends from the sec- 
ond cut segment away from the center-line C1 . The 
fourth cut segment 75d extends "downward" 90°, from 
the third cut segment 75c, parallel to the center-line C1 
(along thesamecut-line as the secondcut segment 75b. 
The cut segments 75a'-75d l are cut in a similar manner 
but symmetrically to the cut segments 75a-75d. These 
cuts define flat springs 77X 5 77Y between the second 



cut segments 75b, 75b* and between the fourth cut seg- 
ments 75d, 75d\ 

[0080] In a similar manner, the cut 76 has segments 
76a-76d that are made in the order 76a, 76b, 76c, 76d 
5 (FIG. 9(B)). The first cut segment 76a starts just above 
the projection 73 and extends from the side of the cent- 
er-block portion 71 , parallel to the projection 73, to near- 
ly to the center-line C2. The second cut segment 76b 
extends "upward" 90°, from the first cut segment 76a, 
10 parallel to the center-line C2. The third cut segment 76c 
has a + -shaped profile and extends from the second 
cut segment away from the center-line C2. The fourth 
cut segment 76d extends "upward" 90°, from the third 
cut segment 76c, parallel to the center-line C2 (along 
15 the same cut-line as the second cut segment 76b. The 
cut segments 76a-76d' are cut in a similar manner but 
symmetrically to the cut segments 76a-76d. These cuts 
define flat springs 78X, 78Y between the second cut 
segments 76b, 76b 1 and between the fourth cut seg- 
20 ments 76d, 76d'. 

[0081] The cuts 75, 75' and 76, 76' facilitate move- 
ments of the center-block portion 71 in the directions 
indicated by the respective arrows shown in FIGS. 9(A) 
and 9(B), i.e., respective movements in the "horizontal" 
25 direction and tilting (rotational) motions. Advantageous- 
ly, modern wire-cutting methods can form the cuts very 
accurately without having to apply excessive machining 
forces to the center-block portion 71 . As a result of the 
two pairs of flat springs formed within the center-block 
30 portion 71 , the support member 70 is provided with 
spring compliance in two dimensions. 
[0082] Turning now to FIGS. 9(C)-9(D), holes 71a, 
71b are defined at the respective centers in the "top" 
and "bottom" surfaces of the projections 72, 73, respec- 
35 tively. The positioning pin 35 (FIG. 3) is inserted into the 
hole 71 a. Also defined in the projections 72, 73 are holes 
72a, 73a, respectively, into which holes are inserted re- 
spective fixing screws for the spring-loaded support 
member 70. This is explained with reference to FIGS. 3 
40 and 4. Turning first to FIG. 3, the holding device 20 (into 
which the mounting protrusion 201 A is inserted) and the 
spring-loaded support member 70 are fastened together 
such that the positioning pin 35 fits into the hole 71a. 
This aligns the center of the support member 70 with the 
45 center of the positioning pin 35. As a result of this align- 
ment, if a gravitational force or shock were applied to 
the optical element 201 , undue force would not be ex- 
erted at points of contact of the holding device 20 with 
the mounting protrusions 201 A, which minimizes defor- 
so mation of the optical element 201 , Since the holding de- 
vice 20 thus is made integral with the mounting protru- 
sions 201 A, the holding device does not warp under 
such conditions. 

[0083] The spring-loaded support member 70 at- 
55 tached as shown in FIG. 3 supports the holding device 
20 in the gravitational direction with high rigidity while 
providing flexible support of the optical element 201 in 
directions that are tangential to the periphery of the op- 
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ticai element 201 , in a radial direction of the opticai el- 
ement 201 , and in a tilt direction relative to the axis of 
the optical element 201 . Meanwhile, respective spring- 
loaded support members 70* attached to the "left* and 
"right" sides of the holding device 20, such as shown in 
FIG. 4, support the holding device 20 with high rigidity 
in directions that are tangential to the periphery of the 
optical element 201 while providing flexible support in 
the gravitational direction and in the radial direction of 
the optical-element As a physical force (that otherwise 
would deform the optical element 201) is directed to- 
ward the optical element, the respective spring-loaded 
support members 70, 70' : 70' undergo a corresponding 
deformation in response to the force. Thus, the support 
members 70, 70' , 70', rather than the optical element 
201, exhibit strain (deformation) in response to the 
force. 

[0084] Referring further to FIG. 3, the "lower" projec- 
tion 73 of the spring-loaded support member 70 is se- 
cured to the mounting member 3. in addition, position- 
adjustment mechanisms 80, 81 , 82, for adjusting the po- 
sition of the optical element 201 , are situated between 
the mounting member 3 and the annular member 2 of 
the optical column, in addition, a position-fixing mecha- 
nism 90 is connected between the mounting member 3 
and the annular member 2. The position -adjustment 
mechanism 80 performs Z-direction, 8 x -direction, and 
G y - direction movements that provide respective posi- 
tional adjustments of the optical element 201 . (For X, Y, 
and Z directions, see FIG. 3.) The position-adjustment 
mechanisms 81, 82 perform X-direction, Y-direction, 
and 6 2 -direction movements that provide respective po- 
sitional adjustments of the optical element 201 . To such 
end, by way of example, the position-adjustment mech- 
anism 80 includes an actuator such as a DC motor or a 
piezo-motor (PZT motor). 

[0085] if the optical element 201 is a high-precision 
mirror as used in an EUV opticai system, the required 
positional tolerance of the mirror is extremely small, e. 
g., approximately 1 \xm. if the optical element 201 has 
a spherical reflective surface, in most cases horizontal 
misalignment of the mirror causes the same aberration 
as tilting the mirror. In contrast, if the optical element201 
has an aspherscai reflective surface 201, the type and 
magnitude of aberration arising from mirror misalign- 
ments are not always the same. The position -adjust- 
ment mechanisms 80, 81 , 82 of this embodiment pro- 
vide horizontal-shift and tilt functions as well as interval- 
adjustment functions (that is, X, Y, Z, .G x , 8 y , and G z ad- 
justments). By appropriately adjusting these functions 
to correct positional errors of the optical element 201 , 
the desired wavefront aberration and resolving power of 
the element can be obtained. 

[0086] The position-adjustment mechanisms 80, 81 , 
82 may be individually configured to include respective 
drive-limiting mechanisms (e.g., lever mechanisms) 
such as shown in FIGS. 10(A)-10(B). The position-ad- 
justment mechanisms 81, 82 are shown in FIG. 10(A), 



and the position-adjustment mechanism 80 is shown in 
FIG. 10(B). The position-adjustment mechanism 81 is a 
Y-direction lever mechanism, and the position -adjust- 
ment mechanism 82 is an X-Y-direction lever mecha- 

5 nism, wherein the mechanisms 81 , 82 perform fine ad- 
justment of the X, Y, and G z positions of the optical ele- 
ment 201 as described above, in FIG. 10(B), one of 
three position-adjustment mechanisms 80 is shown. 
The position-adjustment mechanisms 80 in this embod- 

10 iment are arranged at 1 20° intervals about the mounting 
member 3, and perform adjustments of the Z, G x , and G y 
positions of the optical element 201 . As shown in FIG. 
3, the respective position -adjustment mechanisms 80, 
81 , 82 are situated directly "below" the holding device 

15 20 (note support point F in FIGS. 3 and 1 0(A)). The po- 
sition-adjustment mechanism 80 is situated directly "be- 
low" the mounting member 3 and serves to reduce the 
rigidity of the mounting member 3. This depicted posi- 
tion of the mechanism 80 is not intended to be limiting. 

20 i.e., the mechanism is not necessarily situated directly 
"below" the holding device. 

[0087] The drive-limiting mechanism reduces move- 
ments of an actuator A and transmits some of such 
movements to the mounting member 3. Thus, by adjust- 

25 ing the position of the mounting member 3, the position 
of the opticai element 201 is adjusted. The drive-limiting 
mechanism comprises a lever 85, As shown in FIG. 10 
(B), the lever 85 comprises a fixed portion 85a secured 
to the annular member 2 of the optical column, a mov- 

30 able portion 85b connected to the mounting member 3 
via the spring-loaded support member 87, and a flat 
spring 86 linking together the portions 85a, 85b. The 
fixed portion 85a and the movable portion 85b are ar- 
ranged in parallel with each other, flanking the flat spring 

35 86. 

[0088] Whenever the actuator A of the position-ad- 
justment mechanism 80 is energized, the movable por- 
tion 85b of the iever 85 moves in the direction indicated 
by the arrow Z1 in FIG. 10(B). This movement of the 

40 movable portion 85b results in movement of the spring- 
loaded support member 87 (functioning as a two-dimen- 
sional flat spring) in the direction indicated by the arrow 
Z2in FIG. 10(B), with the flat spring 86 serving as a ful- 
crum for the movement. Hence, through the iever action 

45 of the lever 85 , the motion distance of the movable por- 
tion 85b {i.e., the distance of motion imparted by the ac- 
tuator A) is proportionately reduced as the motion force 
is transmitted to the support member 70. 
[0089] In a similar manner, whenever the respective 

50 actuators of the position-adjustment mechanisms 81 , 82 
are energized, a drive force is transmitted to the respec- 
tive spring-loaded support members 88, which move 
corresponding distances that are reduced due to the re- 
spective lever actions in which the respective flat 

55 springs 86 serve as lever fulcrums. These drive forces 
act on the mounting member 3 at respective support 
points F from the respective spring-loaded support 
members (each acting as a respective two-dimensional 
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flat spring), in the position-adjustment mechanism 81 , 
the support member 88 (acting as a two-dimensional flat 
spring) moves in the Y-direction in FIG. 1 0(A). In the po- 
sition-adjustment mechanism 82, the two support mem- 
bers 88 move in respective X- and Y-directlons in FIG. 
10(A). Thus, the position-adjustment mechanisms 80, 
81 , 82 achieve fine positional adjustments of the optical 
element 201 . 

[0090] After adjusting the position of the optical ele- 
ment 201 using the position-adjustment mechanisms 
80, 81 , 82 as described above, the position of the optical 
element desirably is maintained at the "adjusted" posi- 
tion. However, if the position-adjustment mechanisms 
80, 81 , 82 lack sufficient position-maintenance capabil- 
ity, the position-fixing mechanism 90 discussed above 
can be used (FIG. 3). FIGS. 12(A)-12(B) depict a repre- 
sentative embodiment of a position-fixing mechanism 
90, which comprises a clamp member 91 and a flat- 
spring member 92 that connect the mounting member 
3 to the annular member 2. The flat-spring member 92 
prevents the mounting member 3 from experiencing a 
positional shift whenever the annular member 2 and 
mounting member 3 are joined to the clamp member 91 
by a screw or analogous fastener. The flat-springs mem- 
ber 92 comprises two spring portions 95 serially con- 
nected to and flanking a rigid portion 96. The two spring 
portions 95 are co-planar. Multiple (at least three) flat- 
spring members 92 are arranged equi-angularly around 
the mounting member 3. The respective degrees of free- 
dom of the flat-spring members 92 arranged in this man- 
ner have mutually different orientations. 
[0091] Whenever the flat-spring members 92 are ar- 
ranged in the manner described above, after adjusting 
the position of the holding device 20, respective move- 
ments and motion degrees of freedom of the flat-spring 
members 92 are mutually restrained, allowing the posi- 
tion of the optical element to be maintained. This re- 
straint is especially effective whenever the position-fix- 
ing mechanisms 90 are arranged equi-angularly at 1 20° 
intervals, as shown in the figure, and the flat-spring 
members 92 also are arranged at 120° intervals. Note 
that three respective pairs of position-fixing mecha- 
nisms 90 and flat-spring members 92 provide optimal 
"balance." Hence, this arrangement is the ideal config- 
uration. However, if higher stiffness is desired, four or 
more pairs can be employed. However, use of four or 
more pairs can result in a statically indeterminate and 
excessive restraint of the mounting member 3. In any 
event, if the mounting member 3 experiences warping, 
the spring-loaded support members 70 absorb the 
stress and exhibit corresponding strain. As a result, 
warping of the mounting member 3 is isolated from the 
optical element 201 . This is desirable because the warp 
tolerance of the mounting member 3 is substantially 
larger than the deformation tolerance of the optical ele- 
ment 201 . 

[0092] . If the optical element 201 is a mirror, it is pos- 
sible to correct reflective-surface shape-errors of the 



mirror using an actuator as shown in FIGS. 1 1 (A)-1 1 (B). 
Correction of shape-error of a mirror is a separate ad- 
justment from the fine adjustment of the mirror position 
as described above. For correcting shape errors, an em- 
's bodiment of a two-dimensional actuator (shape-error- 
adjustment mechanism) is shown in FIGS. 11 (A) and 11 
(B). The shape-error-adjustment mechanism is provid- 
ed between the spring-loaded support member 70 and 
the mounting member 3. 
10 [0093] More specifically, in FIGS. 11 (A)-1 1 (B), a two- 
dimensional actuator B is situated between the support 
member 70 and the mounting member 3 (FIG. 3). Ener- 
gization of the two-dimensional actuator B applies a dis- 
placement in the circumferential or radial direction to the 
15 support member 70. FIG. 11 (A) schematically shows a 
situation in which the support member 70 has been dis- 
placed in the radial direction by the actuator B, which 
applies a moment (arrow M1 ) to the mounting protrusion 
201 A of the optical element 201 . FIG. 11 (B) schemati- 
se/ cally depicts a situation in which the support member 70 
has been displaced in the circumferential direction by 
the actuator B, resulting in application of a moment (ar- 
row M2) to the mounting protrusion 201 A. Wheneverthe 
optical element 201 exhibits deformation, wavef ront ab- 
25 erration from the element changes. With the configura- 
tion shown in FIGS. 11 (A)- 11 (B), moments can be ap- 
plied that impart a wavefront aberration sufficient to cor- 
rect the shape error of the optical element. 
[0094] Whereas the invention has been described in 
30 connection with multiple representative embodiments, 
the invention is not limited to those embodiments. On 
the contrary, the invention is intended to encompass all 
modifications, alternatives, and equivalents as may be 
included within the spirit and scope of the invention, as 
35 defined by the appended claims. 



Claims 

40 1 . An optical-element mounting for holding an optical 
element relative to an optical column of an optical 
system that includes the optical element, the optical 
element having a mounting surface, the mounting 
comprising: 

45 

multiple holding devices arranged at respective 
locations relative to the mounting surface, each 
holding device comprising a respective linking 
unit extending from a respective location on the 
so optical column to a respective bonding member 

attached to a respective bonding location on 
the mounting surface; 

each bonding member comprising a bonding 
pad bonded to the respective bonding location 
55 on the mounting surface, and at least first and 

second spring members extending from the 
bonding pad in respective directions to the link- 
ing unit. 
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2. The mounting of claim 1 , wherein the mounting sur- 
face is a peripheral side surface of the optical ele- 
ment 

3. The mounting of claim 1 , wherein the first and sec- 
ond spring members extend in opposite directions 
from the bonding pad. 

4. The mounting of claim 3, wherein the first and sec- 
ond spring members extend in opposite directions 
from the bonding pad along a line parallel to a tan- 
gent line at the bonding location. 

5. The mounting of claim 1 , wherein each spring mem- 
ber comprises a respective rigid portion flanked by 
respective flat springs, the flat springs and rigid por- 
tion serially extending in the respective direction 
from the respective bonding pad to the respective 
linking unit 

6. The mounting of claim 1 , wherein: 

each bonding pad has a segmented bonding 
surface: and 

the segmented bonding surface is bonded to 
the respective bonding location on the mount- 
ing surface of the optical element 

7. The mounting of claim 1, wherein each bonding 
member further comprises third and fourth spring 
members extending from the bonding pad in re- 
spective directions to the respective linking unit. 

8. The mounting of claim 7, wherein the third and 
fourth spring members extend from the bonding pad 
in respective directions along a line parallel to an 
axis of the optical element, to the respective linking 
unit 

9. The mounting of claim 7, wherein each spring mem- 
ber comprises a respective rigid portion flanked by 
respective flat springs, the flat springs and rigid por- 
tion serially extending in the respective direction 
from the respective bonding pad to the respective 
linking unit. 

10. The mounting of claim 9, wherein: 

each bonding pad has a segmented bonding 
surface: and 

the segmented bonding surface is bonded to 
the respective bonding location on the mount- 
ing surface of the optical element 

11. The mounting of claim 10, wherein the bonding sur- 
face of each bonding pad is segmented by a series 
of intersecting grooves defined in the bonding sur- 
face. 



12. The mounting of claim 1 , comprising at least three 
holding devices arranged at respective equi-angu- 
lar locations relative to the mounting surface. 

5 13. The mounting of claim 1, further comprising a 
mounting member attached to the optical column, 
wherein the holding devices are attached to respec- 
tive locations on the mounting member. 

10 1 4. The mounting of claim 13, comprising at least three 
holding devices arranged at respective equi-angu- 
lar locations on the mounting member relative to the 
mounting surface. 

15 15. The mounting of claim 12, further comprising a 
mounting flange coupling the mounting member to 
the optical column. 

16. The mounting of claim 13, wherein the mounting 
20 flange has a thickness of no greater than 1/10 a 

thickness of the mounting member. 

17. The mounting of claim 16, further comprising a 
spacer interposed between the optical column and 

25 the mounting flange. 

18. The mounting of claim 1 , wherein, with respect to 
each holding device, the respective spring mem- 
bers of the bonding member are attached to the re- 

30 spective linking unit such that a gap is defined be- 
tween the bonding member and the linking unit, 
thereby providing a configuration in which the bond- 
ing pad is suspended by the respective spring mem- 
bers relative to the linking unit. 

35 

19. An optical-element mounting for holding an optical 
element relative to an optical column of an optical 
system that includes the optical element, the optical 
element having an axis, a periphery, and multiple 

40 discrete mounting protrusions extending from re- 
spective locations on the periphery, the mounting 
comprising: 

a respective holding device mounted to each 
45 mounting protrusion; 

each holding device comprising a first respec- 
tive spring-loaded support member supporting 
the optical element relative to the optical col- 
umn, the first spring-loaded support member 
so being configured to provide rigid support of the 

respective mounting protrusion in a gravity di- 
rection while providing flexible support of the 
respective mounting protrusion in directions 
tangential to the periphery at the respective lo- 
ss cation, in a radial direction of the optical ele- 
ment at the respective location, and in a tilt di- 
rection, relative to the axis, of the optical ele- 
ment at the respective location; and 
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each holding device also comprising at least a 
second respective spring-loaded support mem- 
ber supporting the respective mounting protru- 
sion relative to the optical column, each second 
spring-loaded support member being config- 
ured to provide rigid support of the respective 
mounting protrusion in directions tangential to 
the periphery at the respective location while 
providing flexible support of the respective 
mounting protrusion in the gravity direction and 
in the radial direction at the respective location. 

20. The mounting of claim 1 9, wherein each holding de- 
vice further comprises a third respective spring- 
loaded support member supporting the respective 
mounting protrusion relative to the optical column, 
each third spring-loaded support member being 
configured to provide, in conjunction with the sec- 
ond spring-loaded support member, rigid support of 
the optical element in directions tangential to the pe- 
riphery at the respective location while providing 
flexible support of the respective mounting protru- 
sion in the gravity direction and in the radial direc- 
tion at the respective location. 

21- The mounting of claim 19, wherein: 

each of the first and second spring-loaded sup- 
port members comprises a respective two pairs 
of flat springs; and 

each pair of flat springs comprises respective 
first and second fiat springs serially arranged in 
a respective longitudinal direction In which the 
respective support member provides rigid sup- 
port for the optical element, while being flexibly 
compliant in the directions in which the respec- 
tive spring-loaded support member provides 
flexible support for the optical element. 

22. The mounting of claim 21 , wherein each of the re- 
spective first and second flat springs in each pair 
thereof comprises, in serial connection, a rigid por- 
tion flanked by the respective first and second flat 
springs. 

23. The mounting of claim 21 , wherein, with respect to 
each of the first and second spring-loaded support 
members: 

each of the first and second flat springs in each 
pair of flat springs is configured as a respective 
two-dimensional flat spring; and 
the first and second flat springs in each pair are 
perpendicular to each other in respective or- 
thogonal directions that are mutually perpen- 
dicular to each other and to the longitudinal di- 
rection. 



24. The mounting of claim 23, wherein each of the re- 
spective first and second flat springs in each pair 
thereof comprises, in serial connection, a rigid por- 
tion flanked by the respective first and second flat 

5 springs. 

25. The mounting of claim 1 9, wherein: 

each protrusion has a center; and 
10 with respect to each of the second spring-load- 

ed support members, the constituent two pairs 
of flat springs have a center that is aligned with 
the center of the respective protrusion. 

15 26. The mounting of claim 1 9, comprising at least three 
holding devices arranged equi-angularly aroundthe 
periphery of the optical element. 

27. An optical-element mounting for holding an optical 
20 element relative to an optical column of an optical 
system that includes the optical element, the optical 
element having an axis, a periphery, and multiple 
discrete mounting protrusions extending from re- 
spective locations on the periphery, the mounting 
25 comprising: 

a respective holding device comprising a re- 
spective clamping-support unit mounted to 
each mounting protrusion; 

30 each clamping-support unit comprising oppos- 

ing first and second contact portions situated 
and configured to contact respective surfaces 
of the respective mounting protrusion; and 
each clamping-support unit being sufficiently 

35 compliant to allow tilting of the respective first 

and second contact portions relative to the re- 
spective surfaces of the respective mounting 
protrusion. 

40 28. The mounting of claim 27, wherein, in each clamp- 
ing-support unit, at least one of the respective first 
and second contact portions comprises at least one 
respective flat spring supporting the respective con- 
tact portion in the clamping-support unit, the re- 

45 spective flat spring providing the compliance of the 
respective clamping-support unit. 

29. The mounting of claim 27, wherein, in each clamp- 
ing-support unit, the respective first and second 

50 contact portions are configured to accommodate 
tilting of the optical element relative to the optical 
column. 

30. The mounting of claim 27, wherein, in each clamp- 
55 ing-support unit, the respective first and second 

contact portions are configured to accommodate ro- 
tational movement of the optical element about the 
axis relative to the optical column. 
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31. The mounting of claim 30, wherein, in each clamp- 
ing-support unit, the respective first and second 
contact portions are configured to accommodate 
tilting of the optical element relative to the optical 
column. 

32. The mounting of claim 27, further comprising a tight- 
enable fastener associated with each clamping- 
support unit mounted to a respective mounting pro- 
trusion, the tightenable fastener being configured 
for adjustment of a clamping force with which the 
clamping-support unit is mounted to the respective 
protrusion, wherein the relative clamping force is re- 
vealed by a degree of tilt of at least one of the re- 
spective first and second contact portions. 

33. The mounting of claim 27, wherein each holding de- 
vice further comprises: 

a first respective spring-loaded support mem- 
ber supporting the optical element relative to 
the optical column, the first spring-loaded sup- 
port member being configured to provide rigid 
support of the respective mounting protrusion 
in a gravity direction while providing flexible 
support of the respective mounting protrusion 
in directions tangential to the periphery at the 
respective location, in a radial direction of the 
optical element at the respective location, and 
in a tilt direction, relative to the axis, of the op- 
tical element at the respective location; and 
at least a second respective spring-loaded sup- 
port member supporting the respective mount- 
ing protrusion relative to the optical column, 
each second spring-loaded support member 
being configured to provide rigid support of the 
respective mounting protrusion in directions 
tangential to the periphery at the respective lo- 
cation while providing flexible support of the re- 
spective mounting protrusion in the gravity di- 
rection and in the radial direction at the respec- 
tive location. 

34. An optical system, comprising: 

an optical column comprising a mounting mem- 
ber; 

an optical element having a mounting surface; 
and 

an optical-element mounting serving to mount 
the optical element to the mounting member 
and thus to the optical column, the mounting 
comprising multiple holding devices arranged 
at respective locations relative to the mounting 
surface, each holding device comprising a re- 
spective linking unit extending from a respec- 
tive location on the mounting member and a re- 
spective bonding member attached to a re- 



spective bonding location on the mounting sur- 
face, each bonding member comprising a 
bonding pad bonded to the respective bonding 
location on the mounting surface, and at least 
s first and second spring members extending 

from the bonding pad in respective directions 
to the linking unit. 

35. The optical system of claim 34, further comprising 
10 at least one shape-adjustment mechanism situated 

relative to a respective holding device and to the 
mounting member, the shape-adjustment mecha- 
nism comprising an actuator configured, when en- 
ergized, to move the respective holding device rel- 
15 ative to the mounting member and thus apply a mo- 
ment to a respective portion of the optical element 
supported by the respective holding device so as to 
impose or change a shape error of the optical ele- 
ment. 

20 

36. The optical system of claim 34, further comprising 
at least one position-adjustment mechanism situat- 
ed relative to the mounting member and the optical 
column, the position-adjustment mechanism com- 

25 prising (i) an actuator configured, when energized, 
to move and thus apply a displacement force to a 
respective location on the mounting member rela- 
tive to the optical column, and thus to a respective 
location on the optical-element mounting; and (ii) a 

30 drive-limiter mechanism serving to reduce a move- 
ment distance imparted to the respective location 
on the mounting member relative to a correspond- 
ing movement distance of the actuator. 

35 37. An optical system, comprising: 

an optical column comprising a mounting mem- 
ber; 

an optical element having an axis, a periphery, 
40 and multiple discrete mounting protrusions ex- 

tending from respective locations on the periph- 
ery; and 

an optical-element mounting serving to mount 
the optical element to the mounting member, 

45 the mounting comprising (i) a respective hold- 

ing device mounted to each mounting protru- 
sion; (ii) each holding device comprising a re- 
spective first spring-loaded support member 
supporting the optical element relative to the 

so mounting member, the first spring-loaded sup- 

port member being configured to provide rigid 
support of the respective mounting protrusion 
in a gravity direction while providing flexible 
support of the optical element in directions tan- 

55 gential to the periphery at the respective loca- 

tions, in a radial direction of the optical element 
at the respective location , and in a tilt direction, 
relative to the axis, of the optical element at the 
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respective location; and (iii) each holding de- 
vice also comprising at least a respective sec- 
ond spring-loaded support member supporting 
the optical element relative to the mounting 
member, each second spring-loaded support 
member being configured to provide rigid sup- 
port of the optical element in directions tangen- 
tial to the periphery at the respective location 
while providing flexible support of the optical el- 
ement in the gravity direction and in the radial 
direction at the respective location. 

38. The optical system of claim 37, further comprising 
at least one shape-adjustment mechanism situated 
relative to a respective holding device and to the 
mounting member, the shape-adjustment mecha- 
nism comprising an actuator configured, when en- 
ergized, to move the respective holding device rel- 
ative to the mounting member and thus apply a mo- 
ment to a respective portion of the optical element 
supported by the respective holding device so as to 
impose or change a shape error of the optical ele- 
ment. 

39. The optical system of claim 38, wherein the shape- 
adjustment mechanism is configured to apply a dis- 
placement, in a direction perpendicular to the grav- 
ity direction, to at least one of the first spring-loaded 
support members. 

40. The optical system of claim 39, wherein each of the 
spring-loaded support members comprises at least 
two respective fiat springs oriented perpendicularly 
to each other. 

41 . The optical system of claim 37, further comprising 
at least one position-adjustment mechanism situat- 
ed relative to the mounting member and the optical 
column, the position-adjustment mechanism com- 
prising (i) an actuator configured, when energized, 
to move and thus apply a displacement force to a 
respective location on the mounting member rela- 
tive to the optical column, and thus to a respective 
location on the optical-element mounting; and (ii) a 
drive-iimiter mechanism serving to reduce a move- 
ment distance imparted to the respective location 
on the mounting member relative to a correspond- 
ing movement distance of the actuator. 

42. An optical system, comprising: 

an optical column comprising a mounting mem- 
ber; 

an optical element having an axis, a periphery, 
and multiple discrete mounting protrusions ex- 
tending from respective locations on the periph- 
ery; and 

an optical-element mounting serving to mount 
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the optical element to the mounting member 
and thus to the optical column, the mounting 
comprising, for each of multiple mounting pro- 
trusions, a respective holding device compris- 
ing a respective clamping-support unit mount- 
ed to each mounting protrusion, each clamp- 
ing-support unit comprising opposing first and 
second contact portions situated and config- 
ured to contact respective surfaces of the re- 
spective mounting protrusion; each clamping- 
support unit being sufficiently compliant to al- 
low tilting of the contact portions relative to the 
respective surfaces of the respective mounting 
protrusion. 

43. The optical system of claim 42, further comprising 
at least one shape-adjustment mechanism situated 
relative to a respective holding device and to the 
mounting member, the shape -adjustment mecha- 
nism comprising an actuator configured, when en- 
ergized to move the respective holding device rel- 
ative to the mounting member and thus apply a mo- 
ment to a respective portion of the optical element 
supported by the respective holding device so as to 
impose or change a shape error of the optical ele- 
ment. 

44. The optical system of claim 42, wherein each hold- 
ing device further comprises at least one respective 
first spring-loaded support member supporting the 
optica! element relative to the mounting member 
and being configured to provide rigid support of the 
respective mounting protrusion in a gravity direction 
while providing flexible support, relative to the 
mounting member, of the respective mounting pro- 
trusion in directions tangential to the periphery at 
the respective locations, in a radial direction of the 
optical element at the respective location, and in a 
tilt direction, relative to the axis, of the optical ele- 
ment at the respective location. 

45. The optical system of claim 44, wherein each hold- 
ing device further comprises at least a respective 
second spring-loaded support member supporting 
the respective mounting protrusion relative to the 
mounting member and being configured to provide 
rigid support, relative to the mounting member, of 
the respective mounting protrusion optical element 
in directions tangential to the periphery at the re- 
spective location while providing flexible support of 
the respective mounting protrusion in the gravity di- 
rection and in the radial direction at the respective 
location. 

46. The optical system of claim 44, further comprising 
at least one shape-adjustment mechanism situated 
relative to a respective holding device and to the 
mounting member, the shape-adjustment mecha- 
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nisrn comprising an actuator configured, when en- 
ergized to move the respective holding device rel- 
ative to the mounting member and thus apply a mo- 
ment to a respective portion of the optical element 
supported by the respective holding device so as to 
impose or change a shape error of the optical ele- 
ment. 

47. The optical system of claim 46, wherein the shape- 
adjustment mechanism is configured to apply a dis- 
placement, in a direction perpendicular to the grav- 
ity direction^ at least one of the first spring-loaded 
support members. 

48. The optical system of claim 47, wherein each of the 
spring-loaded support members comprises at least 
two respective flat springs oriented perpendicularly 
to each other. 

49. The optical system of claim 42, further comprising 
at least one position-adjustment mechanism situat- 
ed relative to the mounting member and the optical 
column, the position-adjustment mechanism com- 
prising (i) an actuator configured, when energized, 
to move and thus apply a displacement force to a 
respective location on the mounting member rela- 
tive to the optical column, and thus to a respective 
location on the optical-element mounting; and (ii) a 
drive-limiter mechanism serving to reduce a move- 
ment distance imparted to the respective location 
on the mounting member relative to a correspond- 
ing movement distance of the actuator. 

50. An optical system, comprising: 

an optical column comprising a mounting mem- 
ber; 

an optical element; 

an optical-element mounting serving to mount 
the optical element to the mounting member 
and thus to the optical column; and 
at least one shape-adjustment mechanism sit- 
uated relative to the optical-element mounting 
and to the mounting member, the shape-adjust- 
ment mechanism comprising an actuator con- 
figured, when energized, to apply a moment to 
a portion of the optical element supported by 
the mounting so as to impose or change a 
shape error of the optical element. 

51. The optical system of claim 50, wherein: 

the optical element defines multiple mounting 
protrusions; 

the optical-element mounting comprises, for 
each mounting protrusion of the optical ele- 
ment, at least one respective spring-loaded 
support member situated and configured to 



hold and support the respective mounting pro- 
trusion relative to the mounting member rigidly 
in a gravity direction and flexibly in a horizontal 
direction perpendicular to the gravity direction; 
5 and 

the shape-adjustment mechanism comprises 
an actuator situated and configured to apply, 
when energized, a displacement in the horizon- 
tal direction to at least one spring-loaded sup- 
to port member. 

52. The optical system of claim 51 , wherein each 
spring-loaded support member comprises a re- 
spective pair of two-dimensional fiat springs that are 

15 perpendicular to each other. 

53. An optical system, comprising: 

an optical column comprising a mounting mem- 
20 ber; 

an optical element; 

an optical-element mounting serving to mount 
the optical element to the mounting member 
and thus to the optica! column; and 

25 at least one position-adjustment mechanism 

situated relative to the mounting member and 
thus to the optical column, the position -adjust- 
ment mechanism comprising (i) an actuator 
configured, when energized, to move and thus 

30 apply a displacement force to a respective lo- 

cation on the mounting member relative to the 
optical column, and thus to a respective loca- 
tion on the optical-element mounting, and (li) a 
drive-limiter mechanism serving to reduce a 

35 movement distance imparted to the respective 

location on the mounting member relative to a 
corresponding movement distance of the actu- 
ator, 

40 54. The optical system of claim 53, wherein the drive- 
limiter mechanism comprises a lever connecting 
the actuator to the respective location on the mount- 
ing. 

45 55. The optical system of claim 54, wherein the lever 
has a fulcrum connected to the optical column by a 
flat spring. 

56. The optical system of claim 53, wherein the posi- 
so tion-adjustment mechanism comprises a mecha- 
nism that adjusts one or more of an X-position, a Y- 
position, a Z-position, a exposition, a exposition, 
and a exposition of the mounting member, and thus 
the optical element,- relative to the optical column. 

55 

57. The optical system of claim 53, wherein the posi- 
tion-adjustment mechanism comprises X-, Y-, 6 2 - 
adjustment mechanisms for adjusting the X-, Y-, 
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and exposition, respectively, of the mounting mem- 
ber, and thus the optica! element, relative to the op- 
tical column. 

58. The optical system of claim 53, wherein the posi- 
tion-adjustment mechanism comprises Z-. 6 X -, 6 y - 
adjustment mechanisms for adjusting the Z-, 6 X -, 
and exposition, respectively, of the mounting mem- 
ber, and thus the optical element, relative to the op- 
tical column. 

59. The optical system of claim 58, wherein the posi- 
tion-adjustment mechanism comprises X-, Y-, 0 Z - 
adjustment mechanisms for adjusting the X-, Y-, 
and ez-position, respectively, of the. mounting mem- 
ber, and thus the optical element, relative to the op- 
tical column. 

60. The optical system of claim 59, wherein the X-, Y-, 
e z -adjustment mechanisms and the Z-, e x -, e y -ad- 
justment mechanisms are arranged in parallel. 

61 . The optical system of claim 58, wherein each of the 
Z-. B x - S e y -adjustment mechanisms comprises a re- 
spective spring-loaded support member that sup- 
ports the mounting member, and thus the optical el- 
ement, in a Z-direction relative to the optical col- 
umn, each spring-loaded support member support- 
ing the mounting member rigidly in a gravity direc- 
tion and flexibly in a horizontal direction perpendic- 
ular to the gravity direction. 

62. The optical system of claim 61, wherein each 
spring-loaded support member comprises a re- 
spective two-dimensional flat spring comprising a 
pair of flat springs oriented perpendicularly to each 
other. 

63. The optical system of claim 53, further comprising 
a position-fixing mechanism situated relative to the 
mounting member and the optical column and con- 
figured to fix the position of the mounting member, 
and thus the optical element, relative to the optical 
column, the position-fixing mechanism comprising 
at least three fixing members each comprising mul- 
tiple respective flat springs collectively exhibiting a 
degree of freedom of motion in a respective direc- 
tion, wherein the respective degree of freedom of 
motion of each position-fixing mechanism is differ- 
ent one from the other. 

64. A microlithographic-exposure system for selective- 
ly irradiating an energy beam to a sensitive sub- 
strate to imprint a pattern on the substrate, the sys- 
tem comprising an optical system as recited in claim 
34. 

65. A microlithographic-exposure system for selective- 



ly irradiating an energy beam to a sensitive sub- 
strate to imprint a pattern on the substrate, the sys- 
tem comprising an optical system as recited in claim 
37. 

5 

66. A microlithographic-exposure system for selective- 
ly irradiating an energy beam to a sensitive sub- 
strate to imprint a pattern on the substrate, the sys- 
tem comprising an optical system as recited in claim 

10 42. 

67. A microlithographic-exposure system for selective- 
ly irradiating an energy beam to a sensitive sub- 
strate to imprint a pattern on the substrate, the sys- 

15 tern comprising an optical system as recited in claim 
50. 

68. A microlithographic-exposure system for selective- 
ly irradiating an energy beam to a sensitive sub- 

20 strate to imprint a pattern on the substrate, the sys- 
tem comprising an optical system as recited in claim 
53. 



25 



30 



35 



40 



45 



50 



55 



20 



EP1 376 183 A2 





21 



EP1 376 183 A2 




22 



EP 1 376 183 A2 



201 




FIG. 3 



23 



EP 1 376 183 A2 



201 




FIG. 4 



24 



EP 1 376 183 A2 




EP1 376 183 A2 



20 




FIG. 6(B) FIG. 6(C) 



26 



EP 1 376 183 A2 




27 



EP1 376 183 A2 




FIG. 8 



28 



EP1 376 183 A2 




29 



EP 1 376 1 83 A2 





30 



EP 1 376 183 A2 




31 



EP1 376 183 A2 



90 




FIG. 12(B) 



32 



EP 1 376 183 A2 



102 




105— \. 



100-x / \ 

J v^-l 00 

\ 103 




I 

100^..j 
104-^ i 



FIG. 13 
PRIOR ART 



33 



EP 1 376 183 A2 




FIG. 14 

PRIOR ART 



34 



